Effects of extract from wood pulp (wood pulp-made support for plant tissue culture) on the root growth of several vegetables, i.e., cucumber (Cucumis sativus L.), lettuce (Lactuca sativa L.), pea (Pisum sativum L.), radish (Raphanus sativus L.), tomato (Lycopersicon esculentum Mill.), and Welsh onion (Allium fistulosum L.) were examined. Roots of germinated seeds were grown in an extract diluted with water. Root growth of all vegetables except for the pea was stimulated by wood pulp extract. The most sensitive, consistent results were obtained with lettuce, thus it was chosen for further experiments. The pulp extract stimulated root growth much more than did glucose, sucrose, or an inorganic nutrient, suggesting that the root growth stimulating substance(s) are neither sugars nor inorganic ions.
Introduction
In plant tissue culture, agar is usually used as a solidifying agent. However, agar has several disadvantages: a) plant tissues have to be transferred into the new medium many times when nutrients or other substrates in the medium are depleted; b) the roots tend to be damaged when plantlets are transplanted into soil; c) agar contains some inhibitors for differentiation and growth of tissues (Kohlenbach and Wernicke, 1977; Shillito et al., 1983; Tyagi et al., 1980; Wernicke and Kohlenbach, 1976) . Because of these problems, supports for plant tissue culture have been developed.
These supports are made of various materials i.e., polyester, ceramic, wood pulp, cotton fiber (Cheng and Voqui, 1977; Ichimura et al., 1990; Nagaoka et al., 1987; Oishi and Sasaki, 1989) . Nishimura (1988) cultured cotyledon segments of tomato on polyester or pulp support and found that adventitious shoots from the explants on pulp support regenerated more frequently than did those on polyester support. Ichimura et al. (1990) also reported that pulp extracts stimulated shoot regeneration from the explants of tomato. These results indicate that pulp extract may contain some biologically active substances.
On the other hand, Tomoda et al. (1994) reported that lysate from alginic acid by alginate lyase promoted the root growth of barley under hypoxic conditions. Both alginic acid and pulp are plant by-products.
In the present paper, we report that the pres- 
Gel filtration conditions
The pulp extract was fractionated by gel filtration through Sephadex G -25 or Bio-Gel P -2 as follows: Sephadex G -25 (fine; 4 × 90 cm) column was equilibrated and eluted with distilled water.
The flow rate was 100 ml•hr -1 and 12 -ml fractions were collected. Bio-Gel P -2 (fine; 2 × 100 cm) column was equilibrated and eluted with distilled water. The flow rate was 20 ml•hr -1 and 3 -ml fractions were collected. Sugar concentration of each fraction was determined by the method of Dubois et al. (1956 (Table 3) .
Effect of addition of pulp extract to glucose or sucrose solution on root growth
Glucose or sucrose solution at any concentration had little effect on the growth of lettuce roots.
Root growth was stimulated
by the addition of ethanol-insoluble fraction of pulp extract to the sugar solutions; the stimulating effects were greater with decreased sugar concentrations ( Table 4) .
Effects of sugar components of cell wall polysaccharides on the root growth
Since wood pulp is mainly composed of plant cell walls, effects of sugar components of the cell wall polysaccharides on the root growth were studied. All sugars somewhat stimulated the growth of lettuce root, and fucose at a concentration of 100 mg • liter -1 was the most effective (Table 5) . The inhibiting activity could be attributed to polyphenolic compounds.
The 1% Enshi solution yielded optimum growth of lettuce root, but its promotive effect was much lower than the Enshi solution supplemented with Table  4 . Effect of addition of pulp extract to glucose and sucrose solution on the growth of lettuce root. Table  5 . Effect of sugars on root growth of lettuce. Fig. 1 . Sephadex G -25 elution profile of pulp extract and root growth stimulating activity. The curve represents sugar content expressed as absorbance at 490 nm and the vertical columns as root length. Twelve ml of fractions were collected and an aliquot (10 µl) of each column fraction was assayed for sugar content. The column fractions were pooled and labeled as I, II, III, IV, V, VI, VII, VIII and IX, and one -200th of each pooled fraction was used for root growth assay. Length of control root exposed to water was 7.3 mm. Fig. 2 . Bio-Gel P -2 elution profiles of pulp extract and root growth stimulating activity. The curve represents sugar content expressed as absorbance at 490 nm and the vertical columns as root length. Four ml of fractions were collected and an aliquot (20 µl) of each fraction was assayed for sugar content.
Fractions were pooled and labeled as I, II, III, IV, and V, and one -100th of each pooled fraction was used for root growth assay. Length of control root exposed to water was 8.7 mm. 
